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(57) ABSTRACT 

A multilayer printed wiring board including a layered capaci 
tor section provided on a first interlayer resin insulation layer 
and a high dielectric layer and first and second layered elec 
trodes that sandwich the high dielectric layer. A second inter 
layer resin insulation layer is provided on the first insulation 
layer and the capacitor section, and a metal thin-film layer is 
provided over the capacitor section and on the second insu 
lation layer. An outermost interlayer resin insulation layer is 
provided on the second insulation layer and the metal thin 
film layer. A mounting section is provided on the outermost 
insulation layer and has first and second external terminals to 
mount a semiconductor element. Multiple via conductors 
penetrate each insulation layer. The via conductors include 
first via conductors that electrically connect the first layered 
electrode to the first external terminals. Second via conduc 
tors electrically connect the second layered electrode to the 
second external terminals. 

13 Claims, 25 Drawing Sheets 
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MULTILAYER PRINTED WIRING BOARD 
WITH ABUILT-IN CAPACTOR 

RELATED APPLICATION 

This application claims the benefit of U.S. Provisional 
Application Ser. No. 60/991,465 filed Nov. 30, 2007, the 
entire content of which is incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to a multilayer printed wiring 
board or the like with a built-in capacitor, on which to mount, 
for example, a semiconductor element. 

DESCRIPTION OF RELATED ART 

Conventionally, numerous multilayer printed wiring 
boards, in which multiple wiring layers are laminated via 
insulation layers and a variety of electronic components such 
as a resistor or a semiconductor element are mounted on the 
Surface, have been Suggested. Also, in case of a Sudden Volt 
age drop of electric power (external electric power) Supplied 
from an external source to the mounted semiconductor ele 
ment, technology to Supply steady electric power to the semi 
conductor element from a source other than the external 
power source is suggested. 
As for technology publicly disclosed, for example, Japa 

nese Laid-Open Patent Application 2005-191559 discloses a 
printed wiring board structured with: A mounting section to 
mount a semiconductor element on its surface; a layered 
capacitor section having a high dielectric layer made of 
ceramics, first and second layered electrodes sandwiching the 
high dielectric layer, where either the first or the second 
layered electrode is connected to the power-source line of the 
semiconductor element, and the other is connected to the 
ground line; multiple insulation layers; conductive circuits 
formed on the insulation layers; and via-hole conductors con 
necting multiple conductive circuits formed on separate insu 
lation layers. The layered capacitor section is arranged 
betweeninsulation layers. The entire content of 2005-191559 
is incorporated herein by reference. 

SUMMARY OF THE INVENTION 

One aspect of the invention includes a multilayer printed 
wiring board including an insulation layer and a first inter 
layer resin insulation layer provided on the insulation layer. A 
layered capacitor section is provided on the first interlayer 
resin insulation layer and has a high dielectric layer and first 
and second layered electrodes that sandwich the high dielec 
tric layer. Also included is a second interlayer resin insulation 
layer provided on the first interlayer resin insulation layer and 
the layered capacitor section, and a metal thin-film layer 
provided over the layered capacitor section and on the second 
interlayer resin insulation layer. An outermost interlayer resin 
insulation layer is provided on the second interlayer resin 
insulation layer and the metal thin-film layer, and a mounting 
section is provided on the outermost interlayer resin insula 
tion layer and has first and second external terminals to mount 
a semiconductor element. Multiple via conductors penetrate 
each interlayer resin insulation layer. The via conductors 
include first via conductors that electrically connect the first 
layered electrode to the first external terminals, and second 
via conductors that electrically connect the second layered 
electrode to the second external terminals. 
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2 
Another aspect of the invention includes a multilayer 

printed wiring board including a layered capacitor section 
having a high dielectric layer and first and second layered 
electrodes sandwiching the high dielectric layer, where either 
the first or the second layered electrode is connected to a 
power-source line and the other layered electrode, which is 
not connected to the power-source line, is connected to a 
ground line to store a predetermined amount of electric 
charge. A metal thin-film layer is provided over the layered 
capacitor section on an interlayer resin insulation layer, 
which maintains the same electrical potential as either the 
first or the second layered electrode of the layered capacitor 
section. A mounting section is provided over the metal thin 
film layer on the interlayer resin insulation layer and is con 
figured to mount on its Surface a semiconductor element 
electrically connected to the layered capacitor section 
through via holes. 

Still another aspect includes a method of manufacturing a 
multilayer printed wiring board including forming conduc 
tive circuits on an insulation layer and forming a first inter 
layer resin insulation layer on the insulation layer and the 
conductive circuits. Also included is laminating a layered 
capacitor section having a high dielectric layer and first and 
second layered electrodes that sandwich the high dielectric 
layer over the insulation layer on the first interlayer resin 
insulation layer. A second interlayer resin insulation layer is 
formed on the layered capacitor section and a metal thin-film 
layer is formed on the second interlayer resin insulation layer. 
An outermost interlayer resin insulation layer is formed on 
the second interlayer resin insulation layer and the metal 
thin-film layer, and external terminals are formed to mounta 
semiconductor element on the outermost interlayer resin 
insulation layer. 

Incidentally, to Supply steady electric power to a semicon 
ductor element mounted on a multilayer printed wiring board, 
for example, the multilayer printed wiring board should be 
structured with an accumulator element such as a capacitor. In 
case of a Sudden Voltage drop of external electric power 
Supplied to the semiconductor element, if Supplemental Volt 
age for the lowered external voltage is provided from the 
accumulator element, a steady Supply of electric power may 
be achieved. Especially, it is desirable that the accumulator 
element be arranged near the mounted semiconductor ele 
ment to provide supplemental electric power for the lowered 
external Voltage, since a steady Supply of electric power may 
be realized. 

However, if ceramic material Such as barium titanate or 
barium titanate strontium is used for the high dielectric layer 
of a capacitor and made into a thin film, Such material may 
leak if extra Voltage is applied under a high-temperature and 
high-humidity atmosphere. Accordingly, problems with tol 
erance to HAST factors may occur. In Such a case, a leakage 
passage may be formed in the capacitor, causing current 
leakage, and may cause lowered reliability. 
The objective of the present invention is to provide a mul 

tilayer printed wiring board or the like in which moisture 
absorption at the capacitor is Suppressed and current leakage 
is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many of 
the attendant advantages thereof will be readily obtained as 
the same becomes better understood by reference to the fol 
lowing detailed description when considered in connection 
with the accompanying drawings, wherein: 
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FIG. 1 is a view illustrating a longitudinal section of a 
multilayer printed wiring board according to an embodiment. 

FIG. 2 illustrates another embodiment of the multilayer 
printed wiring board shown in FIG. 1. 

FIG. 3 is a view from above the multilayer printed wiring 
board illustrating the power-source plane layer of the multi 
layer printed wiring board shown in FIG. 1. 

FIG. 4a is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 4b is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 5a is a view illustrating a step for manufacturing the 
layered capacitor section of the multilayer printed wiring 
board shown in FIG. 1. 

FIG. 5b is a view illustrating a step for manufacturing the 
layered capacitor section of the multilayer printed wiring 
board shown in FIG. 1. 

FIG. 5c is a view illustrating a step for manufacturing the 
layered capacitor section of the multilayer printed wiring 
board shown in FIG. 1. 

FIG. 6a is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 6b is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 7a is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG.7b is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 8a is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 8b is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 9a is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG.9b is a view illustrating a step for manufacturing the 
multilayer printed wiring board shown in FIG. 1. 

FIG. 10 is a view illustrating the steps for manufacturing 
the multilayer printed wiring board shown in FIG. 1. 

FIG. 11a is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 11b is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 12a is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 12b is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 13a is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 13b is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 14a is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 14b is a view illustrating a step for manufacturing 
another embodiment of the multilayer printed wiring board 
shown in FIG. 1. 

FIG. 15a is a view illustrating a step for manufacturing a 
printed wiring board according to an embodiment. 

FIG. 15b is a view illustrating a step for manufacturing a 
printed wiring board according to an embodiment. 
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4 
FIG. 15c is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 16a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 16b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 16c is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 17a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 17b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 18a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 18b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 19a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 19b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 20a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 20b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 21a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 21b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 22a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 22b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 23a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 23b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 24a is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 24b is a view illustrating a step for manufacturing a 

printed wiring board according to an embodiment. 
FIG. 25 is a view illustrating a longitudinal section of a 

printed wiring board according to an embodiment. 

DETAILED DESCRIPTION OF EMBODIMENTS 

According to the present invention, a multilayer printed 
wiring board or the like, in which moisture absorption at a 
layered capacitor section is suppressed and current leakage is 
reduced, may be provided. In the following, an embodiment 
to practice the present invention is described in detail. 

FIG. 1 is a view showing a longitudinal section of multi 
layer printed wiring board 10 according to an embodiment of 
the present invention. As shown in FIG. 1, multilayer printed 
wiring board 10 is structured with: Core substrate 21 as an 
example of an insulation layer having through-hole conduc 
tors 24; wiring patterns (conductive circuits) 22 formed on the 
top and bottom surfaces of core substrate 21; and built-up 
section 30 having wiring patterns (conductive circuits) 32 
laminated multiple times over core substrate 21 via interlayer 
resin insulation layers 36, and via conductors 34 electrically 
connecting wiring patterns formed on separate interlayer 
resin insulation layers. Wiring patterns 22 formed on the top 
and bottom surfaces of core substrate 21 are electrically con 
nected with each other via through-hole conductors 24 pen 
etrating core substrate 21. 

Core substrate (insulation layer) 21 is a resin substrate 
made of glass cloth or alamide non-woven fabric such as BT 
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(bismaleimide-triazine) resin Substrate or glass-epoxy Sub 
strate impregnated with thermoset resin and cured. The thick 
ness is preferably in the range of 0.4mm to 1.0 mm. Also, core 
Substrate 21 may be a resin insulation layer made of inorganic 
filler and thermoset resin, or a resin insulation layer made of 5 
inorganic filler, thermoset resin and thermoplastic resin. Such 
resin insulation layers are preferred not to include glass cloth 
or glass fabric Such as alamide non-woven fabric. 
On the top surface of core substrate 21, first alignment 

marks 26 are formed. First alignment marks 26 are used as a 
basis for alignment when laminating layered capacitor sec 
tion 40 on interlayer resin insulation layer (the first interlayer 
resin insulation layer) (36a) on core substrate 21. First align 
ment marks 26 are formed at the same time as wiring pattern 
22 using conductor Such as copper, the same as wiring pattern 
22. First alignment marks 26 are formed, for example, cross 
shaped so as to be a mark when aligning positions. It is not 
necessary to form first alignment marks 26 on the top Surface 
of core substrate 21. FIG. 2 shows an example in which first 
alignment marks 26 are formed on a layer other than the 
surface of core substrate 21. For example, one layer under 
interlayer resin insulation layer (36a) where layered capacitor 
section 40 is formed, third interlayer resin insulation layer 
(36e) (a layer on the side of core substrate 21) is formed, on 
which first alignment marks 26 may be formed. 

In FIG. 1, built-up section 30 is structured on the top and 
bottom surfaces of core substrate 21 (for the purpose of sim 
plification, only the top surface is shown in FIG. 1) by alter 
nately laminating interlayer resin insulation layers 36 and 
wiring patterns 32. Each wiring pattern 32 is electrically 
connected through via conductors 34 which penetrate inter 
layer resin insulation layers 36. Here, via conductors 34 are 
conductive layers formed by plating conductor Such as copper 
on the internal circumferences or in the interiors of the 
through-holes that penetrate interlayer resin insulation layers 
36. The thickness of interlayer resin insulation layer 36 is 
preferably in the range of 0.02 mm-0.08 mm. Interlayer resin 
insulation layer 36 is an interlayer resin insulation layer made 
of inorganic filler and thermoset resin, or an interlayer insu 
lation layer made of inorganic filler, thermoset resin and 
thermoplastic resin. It is preferred that glass cloth or glass 
fabric such as alamide non-woven fabric not be included. 

Also, multilayer printed wiring board 10 has: Layered 
capacitor section 40 structured with high dielectric layer 43, 
and first layered electrode 41 and second layered electrode 42 
sandwiching high dielectric layer 43; metal thin-film layers 
(52P, 52G) formed over layered capacitor section 40 via inter 
layer resin insulation layer 36; and mounting section 60 on 
which to mount a semiconductor element (not shown in the 
drawing). 

Layered capacitor section 40 is structured with high dielec 
tric layer 43 formed by sintering ceramic-type high dielectric 
material at a high temperature, and first layered electrode 41 
and second layered electrode 42 sandwiching high dielectric 
layer 43. First layered electrode 41 is a nickel (Ni) electrode 
and is electrically connected to ground pads (first external 
terminals) 61 of mounting section 60. Second layered elec 
trode 42 is a copper electrode and is connected to power 
Source pads (second external terminals) 62 of mounting sec 
tion 60. 

Layered capacitor section 40 is arranged over core Sub 
strate 21 via interlayer resin insulation layer 36 (36a). By 
connecting first layered electrode 41 to a ground line (not 
shown in the drawing) and second layered electrode 42 to a 
power-source line (not shown in the drawing), a predeter 
mined level of electric charge is retained in layered capacitor 
section 40. Also, layered capacitor section 40 is connected 
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6 
through via conductors 34 to the semiconductor element (not 
shown in the drawing) mounted on mounting section 60. In 
case of a temporary Voltage drop of electric power (external 
electric power) Supplied from a power-source line, not shown 
in the drawing, to the semiconductor element, layered capaci 
tor section 40 releases its electric charge to Supply electric 
power to the semiconductor element. 

First layered electrode 41 is a plane pattern formed on the 
bottom surface of high dielectric layer 43, and is electrically 
connected through via conductors for ground (ground via 
conductors) (61b) to ground pads 61. Also, first layered elec 
trode 41 is connected through ground via conductors (first via 
conductors) (61a) to ground wiring (22G) as an example of 
ground conductive circuits formed on core Substrate 21. In the 
side of layered capacitor section 40 where first layered elec 
trode 41 is formed, opening portions (portions where first 
layered electrode 41 is not formed) (41a) are formed. Via 
conductors for power source (power-source via conductors) 
(second via conductors) (62a), which are electrically con 
nected to power-source pads 62, pass through opening por 
tions (41a) without making contact with first layered elec 
trode 41 and are connected to power-source wiring (22P) as 
an example of power-source conductive circuits formed on 
core substrate 21. 

Second layered electrode 42 is a plane pattern formed on 
the top surface of high dielectric layer 43, and is connected 
through power source via conductors (62b) to power-source 
pads 62. Also, in the side of layered capacitor section 40 
where second layered electrode 42 is formed, opening por 
tions (portions where second layered electrode 42 is not 
formed) (42a) are formed. Ground via conductors (61a), 
which are electrically connected to ground pads 61, pass 
through opening portions (42a) without making contact and 
are connected to ground pads 61. 

High dielectric layer 43 is structured with high dielectric 
material containing one, or two or more kinds of metal oxides 
selected from a group of BaTiO, SrTiO, TaC), Ta-Os, PZT, 
PLZT, PNZT, PCZT, and PSZT. After making such high 
dielectric material into a 0.3-1.0 Lum-thick thin-film layer and 
sintering to make ceramics, high dielectric layer 43 is formed. 
Since high dielectric layer 43 has a thickness in the above 
range, practically short-circuiting between first layered elec 
trode 41 and second layered electrode 42 do not occur. A 
method of manufacturing layered capacitor section 40 will be 
described later. 
Over layered capacitor section 40, metal thin-film layer 

(52P) is formed via second interlayer resin insulation layer 
(36b). Over metal thin-film layer (52P), metal thin-film layer 
(52G) is formed via interlayer resin insulation layer (36c). 
Metal thin-film layer (52P) is connected through via conduc 
tors 34 (power-source via conductors (62a)) to second lay 
ered electrode 42. Also, metal thin-film layer (52P) is con 
nected through via conductors 34 (power-source via 
conductors (62b)) to power-source pads 62. Metal thin-film 
layer (52G) is connected through via conductors 34 (ground 
via conductors 61a) to first layered electrode 41. Also, metal 
thin-film layer (52G) is connected through via conductors 34 
(ground via conductors (61b)) to ground pads 61. Here, since 
first layered electrode 41 is electrically connected to the 
ground line, metal thin-film layer (52G) is referred to as 
ground plane layer (52G). Since second layered electrode 42 
is electrically connected to the power-source line, metal thin 
film layer (52P) is referred to as power-source plane layer 
(52P). 

Power-source plane layer (52P) and ground plane layer 
(52G) are formed via interlayer resin insulation layer 36 
between layered capacitor section 40 and mounting section 
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60. Power-source plane layer (52P) is connected to second 
layered electrode 42 of layered capacitor section 40 and 
maintains the same electrical potential as second layered 
electrode 42, and ground plane layer (52G) is connected to 
first layered electrode 41 and maintains the same electrical 
potential. Therefore, layered capacitor section 40 or the semi 
conductor element may suppress the impact of the electrical 
potential at metal thin-film layers. 

FIG. 3 is a view illustrating power-source layer (52P) seen 
from above. Power-source plane layer (52P) is a metal thin 
film layer Such as copper covering Substantially the entire 
surface of second interlayer resin insulation layer (36b). FIG. 
3 shows a case in which power-source plane layer (52P) 
covers substantially the entire surface of second interlayer 
resin insulation layer (36b). However, if power-source plane 
layer (52P) is positioned directly over layered capacitor sec 
tion 40 and is at least larger than the peripheral configuration 
of layered capacitor section 40, it is sufficient. Namely, if 
power-source plane layer (52P) is directly over layered 
capacitor section 40 and its peripheral configuration is larger 
than the region enclosed by the dotted lines in FIG. 3, it is 
sufficient. Inside power-source plane layer (52P), at least one 
of the following, the ground wiring and lands for ground 
(groundlands) (61c) or a conductive circuit for signals (signal 
wiring) (63d) and lands for signals (signal lands) (63c), is 
formed. 

In addition, around the ground wiring and ground lands 
(61c) and signal wiring (63d) and signal lands (63c), spaces 
(52s), where conductor is not formed, are formed so as to 
prevent short-circuiting between power-source plane layer 
(52P) and the ground wiring or ground lands (61c), and 
between power-source layer (52P) and signal wiring (63d) or 
signal lands (63c). If power-source plane layer (52P) is char 
acterized in Such a way that the same electrical potential is 
maintained as second layered electrode 42 of layered capaci 
tor section 40, then layered capacitor 40 or the semiconductor 
element (not shown in the drawing) mounted on mounting 
section 60 may suppress the impact of the electrical potential 
at power-source plane layer (52P). 

In FIG. 1 again, via conductors for signals (signal via 
conductors) (63.b) (63a), signal lands (63c) and signal wiring 
(63d) are electrically connected to signal pads 63. Signal 
lands (63c) either have signal via conductors (63b) formed on 
their top or are connected to signal wiring (63d). Ground via 
conductors (61b) (61a), ground lands (61c) and ground wir 
ing (22G) are connected to ground pads 61. Ground lands 
(61c) are connected to at least either ground via conductors 
(61b) or ground wiring (22G). When via conductor 34 is 
formed directly over via conductor 34, or when via conductor 
34 penetrates two layers of interlayer resin insulation layers 
(36a,36b) simultaneously, a land is formed on the same layer 
as power-source plane layer (52P) 

Layered capacitor section 40 is positioned on a layer closer 
to the center than power-source plane layer (52P) if seen from 
mounting section 60, and formed directly under the region 
surrounded by the dotted lines in FIG. 3. Namely, if seen from 
the side of mounting section 60, power-source plane layer 
(52P) has a region that includes at least layered capacitor 
section 40 (see FIG.3). Since power-source plane layer (52P) 
is formed in the region directly over layered capacitor section 
40, power-source plane layer (52P) functions to prevent 
humidity that intrudes through the surface of multilayer 
printed wiring board 10 from reaching layered capacitor sec 
tion 40. 
As shown in FIG.3, on the layer where power-source plane 

layer (52P) is formed, the accumulated areas (the areas of the 
conductors within the region surrounded by the dotted lines in 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
FIG. 3), which are the total areas of top surfaces of the 
conductors formed in the region (the region Surrounded by the 
dotted lines in FIG. 3) positioned directly over layered 
capacitor section 40, are preferred to be more than 80% of the 
area (the area surrounded by the dotted lines in FIG.3) where 
layered capacitor section 40 is formed. Here, the accumulated 
areas are those that exclude spaces (52s), but include, other 
than power-source plane layer (52P), the areas of wiring and 
lands formed in power-source plane layer (52P) and top sur 
faces of via conductors 34. 

In addition, within power-source plane layer (52P) (the 
region surrounded by the dotted lines) directly over layered 
capacitor section 40, to remove the influence of noise on 
signals as much as possible, or to minimize the reduction of 
the conductor area by spaces (52s), it is preferred that signal 
wiring (63d), signal via conductors (63b) and lands (63c) not 
be formed. 

In FIG. 1, mounting section 60 is formed over power 
source plane layer (52P) and ground plane layer (52G) via 
interlayer resin insulation layer 36 (36c or 36d), and is elec 
trically connected to first layered electrode 41 and second 
layered electrode 42 of layered capacitor section 40 through 
via conductors 34. Also, mounting section 60 mounts a semi 
conductor element on its Surface (not shown in the drawing). 

Mounting section 60 is the region where a semiconductor 
element (not shown in the drawing) is mounted. On the Sur 
face of multilayer printed wiring board 10, ground pads 61, 
power-source pads 62 and signal pads 63 are arranged to form 
mounting section 60. Ground pads 61 are connected to first 
layered electrode 41 of layered capacitor section 40, and 
power-source pads 62 are connected to second layered elec 
trode 42. 

In the embodiment shown in FIG. 1, signal via conductors 
(63a) electrically connected to signal pads 63 are formed 
outside the region where layered capacitor section 40 is 
formed without penetrating layered capacitor section 40. 
However, signal via conductors (63a) may be arranged so as 
to penetrate layered capacitor section 40. In Such a case, 
signal via conductors (63a) are formed inside opening por 
tions (41a, 42a) of first layered electrode 41 and second 
layered electrode 42, and penetrate layered capacitor section 
40 without making contact with first layered electrode 41 and 
second layered electrode 42. 
Between mounting section 60 and layered capacitor sec 

tion 40, power-source plane layer (52P) and ground plane 
layer (52G) are formed. Accordingly, humidity that intrudes 
from the surface of multilayer printed wiring board 10 is 
prevented from reaching layered capacitor section 40. In con 
trast, on the side of first layered electrode 41 (opposite mount 
ing section 60) of layered capacitor section 40, core substrate 
21 is positioned. Therefore, it is not always necessary to form 
a metal thin-film layer to prevent the intrusion of humidity. 
However, between the opposite surface to mounting section 
60 of multilayer printed wiring board 10 and layered capaci 
tor section 40, a metal thin-film layer may be formed. 

Next, a method of manufacturing multilayer printed wiring 
board 10 according to the embodiment shown in FIG. 1 is 
described. The procedures to form through-hole conductors 
24 in core substrate 21 and the procedures to form wiring 
patterns 22 on core substrate 21 are well known. Thus, the 
method of manufacturing built-up section 30 and layered 
capacitor section 40 is mainly described here. 

FIG. 4a and FIG. 4b are views illustrating the steps of 
manufacturing multilayer printed wiring board 10. As shown 
in FIG. 4a, core substrate 21 has through-hole conductors 24 
made of copperformed on the inner-wall Surfaces of penetrat 
ing holes (through-holes) that pierce the top and bottom Sur 
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faces. Also, on the top and bottom Surfaces (on the insulation 
layer) of core substrate 21, wiring patterns 22 are structured 
with copper. Wiring patterns 22 on the top and bottom sur 
faces are electrically connected via through-hole conductors 
24. Wiring patterns (conductive circuits) 22 consist of signal 
wiring (22S) as an example of conductive circuit for signals, 
power-source wiring (22P) and ground wiring (22G). 
On core substrate (insulation layer) 21, in addition to wir 

ing patterns 22, first alignment marks 26 as a basis for align 
mentare formed. First alignment marks 26 are structured with 
copper, and formed simultaneously with wiring patterns 22 
by the same procedure. First alignment marks 26 are used as 
the basis for alignment when arranging later-described lay 
ered capacitor section 40 at a predetermined position. 

Then, as shown in FIG. 4(b), a resin sheet to make first 
interlayer resin insulation layer (36a) is laminated on core 
Substrate 21 using a vacuum laminator. Here, the resin sheet is 
formed with denatured epoxy-type resin sheet, polyphe 
nylene ether-type resin sheet, polyimide-type resin sheet, 
cyano-ester-type resin sheet or the like and is approximately 
20-80 um thick. Its Young's modulus is 2-7 GPa at room 
temperature. Here, the resin sheet may include inorganic 
particles such as silica, alumina or Zirconia. 

Here, layered capacitor section 40 is manufactured as fol 
lows. 

FIG. 5a and FIG. 5b are views illustrating the steps of 
manufacturing layered capacitor section 40. After thermo 
processing an approximately 100 um-thick nickel (Ni) foil 
(which later becomes first layered electrode 41, a ground 
electrode) at about 1,000°C., both surfaces are polished to be 
10-90 um thick to make electrode 422. 

Then, a sol-gel solution containing one or two or more 
kinds of metal oxides selected from a group of BaTiO, 
SrTiO, TaO, Ta-Os, PZT, PLZT, PNZT, PCZT and PSZT is 
applied on electrode 422 by a spin-coater to form an unsin 
tered layer of sol-gel film on electrode 422. As seen in FIG. 
5a, after the application, the unsintered layer is sintered in a 
vacuum atmosphere or in a non-oxidation atmosphere such as 
N gas at temperatures in the range of 600-950° C. to form 
0.3-1.0 um-thick high dielectric layer 424 on the Nifoil. 

Here, an example of Sol-gel Solution is described. 
First, diethoxy barium and diisopropoxy titanium are dis 

solved in a mixed solvent of dehydrated methanol and 
2-methoxyethanol, and blended for three days under a nitro 
gen atmosphere at room temperature to prepare a precursor 
compound Solution of barium-titanium alkoxide. Then, the 
precursor compound solution is blended while being main 
tained at 0° C. and hydrolyzed with water decarbonized in 
advance and sprayed at a rate of 0.5 microliter/minute in 
nitrogen current. The sol-gel solution prepared as above is 
filtered to filter extracts or the like. After the filtration, the 
sol-gel precursor Solution is applied on electrode 422. The 
thickness of high dielectric layer 424 after being sintered is 
controlled by adjusting the rotational speed of the spin-coater, 
the viscosity and concentration of the sol-gel solution and the 
number of applications. 

Using vacuum deposition equipment such as sputtering, a 
copper seed layer is formed on high dielectric layer 424. 
Then, in FIG.5b, by adding copper for about 10 um onto the 
seed layer by electrolytic plating or the like, electrode 426 
(which later becomes second layered electrode 42, a power 
source electrode) is formed and layered capacitor section 40 
is obtained. Then, as shown in FIG. 5c, electrode 422 is 
patterned. At that time, alignment marks 46 (second align 
ment marks) as the basis for alignment and opening portions 
(41a) are formed simultaneously on electrode 422. Here, the 
positions to form opening portions (41a) are those to form via 
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conductors 34 (see FIG. 1) which penetrate first layered elec 
trode 41 without making contact. The diameter of the opening 
portions is larger than that of via conductors 34. Second 
alignment marks 46 are formed, for example, as cross-shaped 
marks. 

Here, first alignment marks 26 are preferred to be formed 
on an interlayer resin insulation layer (for example, 36a) or an 
insulation layer positioned closer to the side of core substrate 
21 (the side opposite mounting section 60) than interlayer 
resin insulation layer 36 (see FIG. 1) having either built-in or 
laminated layered capacitor section 40. Also, layered capaci 
tor section 40 is preferred to have second alignment marks 46 
to be used as a basis for alignment. If layered capacitor section 
40 has second alignment marks 46, layered capacitor section 
40 may be laminated on interlayer resin insulation layer 36 
based on first alignment marks 26 formed on the insulation 
layer and second alignment marks 46 formed on layered 
capacitor section 40. Accordingly, layered capacitor section 
40 may be formed at the specified position on interlayer resin 
insulation layer 36. 
As above, if first alignment marks 26 are formed on core 

Substrate 21 and second alignment marks 46 are formed on 
layered capacitor section 40, second alignment marks 46 of 
layered capacitor section 40 may be aligned at predetermined 
positions with regard to first alignment marks 26 formed on 
core substrate 21. As a result, based on first and second 
alignment marks (26, 46), layered capacitor section 40 is 
formed at a proper position on interlayer resin insulation layer 
36. Also, first alignment marks 26 formed on core substrate 21 
are formed simultaneously with ground wiring (22G) and 
power-source wiring (22P) on core substrate 21. Therefore, 
based on first alignment marks 26 and second alignment 
marks 46 formed on layered capacitor section 40, both are 
positioned so that ground wiring (22G) and power-source 
wiring (22P) on core Substrate 21 and layered capacitor sec 
tion 40 are aligned accurately. 
As shown in FIG. 2, if first alignment marks 26 are formed 

on third interlayer resin insulation layer (36e) (third interlayer 
resin insulation layer (36e) is arranged between core substrate 
21 and first interlayer resin insulation layer (36a)) positioned 
closer to the side of core substrate 21 (the side opposite 
mounting section 60) than interlayer resin insulation layer 36 
(36a) having either built-in or laminated layered capacitor 
section 40, the same as in the case of first alignment marks 26 
formed on core substrate (see FIG. 1), layered capacitor sec 
tion 40 may beformed at a proper position on third interlayer 
resin insulation layer (36e) based on first and second align 
ment marks (26, 46). 

Also, first alignment marks 26 formed on third interlayer 
resin insulation layer (36e) are formed simultaneously with 
wiring patterns 22 (which include power-source wiring 
(22P), ground wiring (22G) and signal wiring (22S)) on third 
interlayer resin insulation layer (36e). Therefore, based on 
first alignment marks 26 and second alignment marks 46 
formed on layered capacitor section 40, both are positioned so 
as to accurately align wiring patterns 22 on third interlayer 
resin insulation layer (36e) and layered capacitor section 40. 

Returning to describing the method of manufacturing mul 
tilayer printed wiring board 10; FIGS. 6-10 are views illus 
trating the steps of manufacturing multilayer printed wiring 
board 10. In FIG. 6a, based on first alignment marks 26 
formed on core Substrate 21 and second alignment marks 46 
formed on layered capacitor section 40, layered capacitor 
section 40 is aligned at a predetermined position over core 
substrate 21. As can be seen in FIG. 6b, after that, layered 
capacitor section 40 is laminated on interlayer resin insula 
tion layer 36 by a vacuum laminator. 
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Next, based on at least either first alignment marks 26 or 
second alignment marks 46, electrode 426 of layered capaci 
tor section 40 is patterned. Patterning electrode 426 is con 
ducted by laminating a dry film on electrode 426, and by 
exposing to light, developing, etching and removing the film, 
which is a standard procedure when patterning multilayer 
printed wiring board 10. 
As shown in FIG. 7a, simultaneously with the patterning, 

third alignment mark 66 is formed on high dielectric layer 43. 
Since patterning electrode 426 (see FIG. 6b) is conducted 
based on at least first alignment marks 26 or second alignment 
marks 46, the position of the wiring pattern to be formed is set 
properly with regard to the patterned position of wiring pat 
terns 22 formed on core Substrate 21. At the patterning step, 
from the positions of through-holes (42a) that penetrate lay 
ered capacitor section 40, copper (electrode 426 (see FIG. 
6b)) is removed in advance. 

Next, as shown in FIG.7b, an insulation sheet is laminated 
on layered capacitor section 40 to form second interlayer 
resin insulation layer (36b). 

Next, in FIG. 8a, in the unfinished substrate with laminated 
second interlayer resin insulation layer (36b), based on either 
one of first alignment marks 26, second alignment marks 46 
or third alignment mark 66, via holes 560 are formed by a CO 
laser or UV laser. Via holes 560 penetrate second interlayer 
resin insulation layer (36b) on layered capacitor section 40, 
layered capacitor section 40, and first interlayer resin insula 
tion layer (36a) beneath layered capacitor section 40, and 
reach wiring patterns 22 on core substrate 21. Since via holes 
560 are formed based on any of the three alignment marks 
(26, 46, 66), they may be aligned accurately with regard to 
wiring patterns 22 on core substrate 21 and opening portions 
(41a, 42a) of layered capacitor section 40. To prevent accu 
mulating errors, via holes 560 are preferred to be formed 
based on first alignment marks 26. 

In the following, as shown in FIG. 8b, through a process of 
performing chemical copper plating, forming plating resist, 
performing electrolytic copper plating, removing plating 
resist, and removing chemical copper plated film, via holes 
560 are filled with copper to form via conductors (ground via 
conductors (61a), power-source via conductors (62a), signal 
via conductors (63a)), and power-source plane layer (52P) is 
formed as well. 

First layered electrode 41 of layered capacitor section 40 is 
electrically connected to ground wiring (22G) formed on core 
substrate 21 through first via conductors (61a). Also, second 
layered electrode 42 of layered capacitor section 40 is elec 
trically connected to power-source wiring (22P) formed on 
core Substrate 21 through power-source via conductors (62a). 
Here, ground via conductors (61a) and power-source via 
conductors (62a) are via conductors formed in via holes 560 
as seen in FIG. 8a, which are formed based on either first 
alignment marks 26, second alignment marks 46 or third 
alignment mark 66. Thus, wiring between first layered elec 
trode 41 of layered capacitor section 40 and ground wiring 
(22G) formed on core substrate 21, and between second lay 
ered electrode 42 of layered capacitor section 40 and power 
source wiring (22P) formed on core substrate 21 is properly 
connected through via conductors (61a, 62a) respectively. 
As shown in FIG. 2, in a case where third interlayer resin 

insulation layer (36e) is formed between core substrate 21 
and first interlayer resin insulation layer (36a), and where first 
alignment marks 26, power-source wiring (22P) and ground 
wiring (22G) are formed on third interlayer resin insulation 
layer (36e), the same as above, via holes are formed based on 
either first alignment marks 26, second alignment marks 46 or 
third alignment mark 66. Accordingly, wiring between first 
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layered electrode 41 of layered capacitor section 40 and 
ground wiring (22G) formed on third interlayer resin insula 
tion layer (36e), and between second layered electrode 42 of 
layered capacitor section 40 and power-source wiring (22P) 
formed on third interlayer resin insulation layer (36e) is prop 
erly connected through via conductors (61a, 62a) respec 
tively. 

Returning to describing the method of manufacturing mul 
tilayer printed wiring board 10; in FIG. 9a, like the step 
described with reference to FIG. 8a, using a CO laser or the 
like, via holes are formed in interlayer resin insulation layer 
36 (36c) formed on power-source plane layer (52P). Then, via 
holes are filled with copper to form via conductors (61b, 62b, 
63b) and ground plane layer (52G). This is accomplished 
through the following process: performing chemical copper 
plating, forming plating resist, performing electrolytic copper 
plating, removing plating resist and removing chemical cop 
per plated film. 

In the same layer as ground plane layer (52G), at least one 
of the following, signal via conductors (63b), signal lands 
(63c), signal wiring (63d), power-source via conductors 
(62b), lands for power-source (power-source lands) (62c) or 
power-source wiring, is formed. Around signal via conduc 
tors (63b), signal lands (63c), signal wiring (63d), power 
Source via conductors (62b), power-source lands (62c) and 
power-source wiring, regions without conductor (spaces) 
(52s) are formed. Signal via conductors (63b), signal lands 
(63c) and signal wiring (63d) are electrically connected to 
signal pads 63 (see FIG. 1). Signal lands (63c) either have 
signal via conductors (63.b) formed on them or are connected 
to signal wiring (63d). Power-source via conductors (62b). 
power-source lands (62c) and power-source wiring are con 
nected to power-source pads 62 (see FIG. 1). Power-source 
lands (62c) either will have power-source via conductors 
formed on them in a later step, or are connected to power 
Source wiring. 
As shown in FIG. 9b, in the following, through the same 

steps as described above, on ground plane layer (52G), out 
ermost interlayer resin insulation layer (36d) is formed and 
via conductors 34 (61b, 62b, 63.b) that penetrate outermost 
interlayer resin insulation layer (36d) are formed. Also, on 
outermost interlayer resin insulation layer (36d), ground pads 
61, power-source pads 62 and signal pads 63 are formed. 
Here, ground pads 61, power-source pads 62 and signal pads 
63 construct mounting section 60. 

Then, in FIG. 10, after a commercially available solder 
resist compound is applied, solder-resist layer 58 with open 
ing portions that expose top Surfaces of ground pads 61, 
power-source pads 62 and signal pads 63 is formed. Then, 
solder bumps are formed on three pads (61, 62. 63) in the 
opening portions of the Solder-resist (see FIG. 1). In doing so, 
multilayer printed wiring board 10 is complete. 

Also, in this embodiment, as metal thin-film layers, two 
layers such as power-source plane layer (52P) and ground 
plane layer (52G) are formed. However, the metal thin-film 
layer may be formed as one layer. Although the metal thin 
film layer may be a dummy pattern without connecting either 
the power-source or ground, it is preferred to maintain the 
same electrical potential as that of either first or second lay 
ered electrode (41, 42) of layered capacitor section 40. Lay 
ered capacitor section 40 or the semiconductor element may 
Suppress the impact of the electrical potential at the metal 
thin-film layer. 

FIGS. 11-14 are views illustrating the steps of manufactur 
ing another embodiment. Although alignment marks are not 
shown in those drawings, same as in the embodiment in FIG. 
1, all sorts of alignment marks are formed on layered capaci 
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tor section 40 or core substrate 21. In the embodiment in FIG. 
1, layered capacitor section 40 was laminated on first inter 
layer resin insulation layer (36a); and over layered capacitor 
section 40, metal thin-film layer 52 was formed on second 
interlayer resin insulation layer (36b). In contrast, according 
to the embodiment described below as illustrated in FIG.11b, 
the following differ from the embodiment in FIG. 1: Layered 
capacitor section 40 is buried in first interlayer resin insula 
tion layer (36a); and a metal thin-film layer is formed over 
second layered electrode 42 of layered capacitor section 40 
and on first interlayer resin insulation layer (36a) in which 
layered capacitor section 40 is buried. 

FIG.11a shows, as shown in the embodiment in FIG. 7a, 
the phase after layered capacitor section 40 was laminated on 
first interlayer resin insulation layer (36a). Since the steps 
before that are substantially the same as in the embodiment in 
FIG. 7a, the description is omitted. 

After layered capacitor section 40 was laminated on first 
interlayer resin insulation layer (36a), under the pressing 
conditions of 0.4 MPa at 170° C. for two hours, layered 
capacitor section 40 is vacuum-pressed so as to bury it in first 
interlayer resin insulation layer (36a) as well as cure first 
interlayer resin insulation layer (36a). 

FIG.11b illustrates the view after layered capacitor section 
40 was buried in first interlayer resin insulation layer (36a). 
By the same method described with reference to FIG. 7a, 
based on the alignment marks not shown in the drawing, 
second layered electrode 42 of layered capacitor section 40 is 
patterned. At that time, from the positions for holes (opening 
portions) that penetrate layered capacitor section 40, portions 
of second layered electrode 42 are removed in advance. 

FIG. 12a illustrates a view after opening portions (42a) 
were formed in second layered electrode 42 using alignment 
marks 26 on core Substrate 21. Directly under opening por 
tions (42a), wiring patterns 22 (22S, 22P 22G) on core sub 
strate 21 are positioned. 

Next, as shown in FIG. 12(b), through-holes 470 (470S, 
470P 470G) are formed. Through-holes (470S) reach signal 
wiring (22S) on core substrate 21. Through-holes (470P) 
reach power-source wiring (22P) on core substrate 21. 
Through-holes (470G) reach ground wiring (22G) on core 
substrate 21. Then, on the surface of first interlayer resin 
insulation layer (36a) in which through-holes 470 are formed, 
a surface treatment by a catalyst is conducted. 

Next, shown in FIG.13a, by a tenting method, via conduc 
tors 414 (signal via conductors (414S), ground via conductors 
(414G), power-source via conductors (414P)) and wiring pat 
terns 423 (conductive circuit for signals (423S), conductive 
circuit for power-source (423P), conductive circuit for 
ground (423G)) are formed. Conductive circuit for power 
source (423P) is structured with an electroless plated film and 
an electrolytic plated film on the electroless plated film (not 
shown in the drawing). Conductive circuit for power source 
(423P) is formed so as to make contact with second layered 
electrode 42 of layered capacitor section 40, and fulfills a 
function as an example of metal thin-film layers. 

Ground via conductors (414G) are connected to first lay 
ered electrode 41. Also, ground via conductors (414G) con 
nect ground wiring (22G) on core substrate 21 and conductive 
circuit for ground (423G) on first interlayer resin insulation 
layer (36a). Power-source via conductors (414P) are con 
nected to second layered electrode 42. Also, power-source via 
conductors (414P) connect power-source wiring (22P) on 
core substrate 21 and conductive circuit for power source 
(423P) on first interlayer resin insulation layer (36a). 

Next, as shown in FIG. 13b, second interlayer resin insu 
lation layer (36b) is formed on first interlayer resin insulation 
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layer (36a), layered capacitor section 40 and conductive cir 
cuits 423. In FIG. 14a, after through-holes in second inter 
layer resin insulation layer (36b) are formed, by the tenting 
method, power-source plane layer (52P) is formed on second 
interlayer resin insulation layer (36b). At the same time, via 
conductors 424 (signal via conductors (424S), power-source 
via conductors (424P), ground via conductors (424G)) which 
penetrate second interlayer resin insulation layer (36b) are 
formed. In power-source plane layer (52P), at least one of the 
following is formed: signal via conductor, signal land, signal 
wiring (433S), ground via conductor, ground land (433G) or 
ground wiring. 

Then, as shown in FIG. 14b, through the same steps as in 
the embodiment shown in FIG.9b and FIG. 10, mounting 
section 60 structured with ground pads 61, power-source pads 
62 and signal pads 63 is formed over interlayer resin insula 
tion layer (36c). Next, after commercially available solder 
resist compound is applied, solder-resist layer 58 with open 
ing portions that expose top Surfaces of ground pads 61, 
power-source pads 62 and signal pads 63 is formed. Then, 
solder bumps are formed on three pads (61, 62. 63) in the 
opening portions of the solder-resist. 

According to the embodiment in FIG. 14b, without form 
ing via conductors that penetrate two interlayer resin insula 
tion layers 36 (first interlayer resin insulation layer (36a) and 
second interlayer resin insulation layer (36b)), multilayer 
printed wiring board 300 may be manufactured. Thus, com 
pared with the embodiment in FIG. 1, the number of inter 
layer resin insulation layers 36 may be reduced by one layer. 
Also, since second layered electrode 42 of layered capacitor 
section 40 is structured with second layered electrode 42 
along with an electroless plated film on second layered elec 
trode 42 and an electrolytic plated film on the electroless 
plated film, the strength of built-in layered capacitor 40 
increases. As a result, cracks at layered capacitor section 40 
seldom occur. 
To verify the effect of multilayer printed wiring board 10 

according to the embodiment in FIG. 1, multilayer printed 
wiring board 10 was exposed in an atmosphere of 85°C. and 
85% humidity for 100 hours. Then, under the conditions of 
applied Voltage 2V and application time 60 seconds, the insu 
lation resistance of layered capacitor section 40 was mea 
sured. The value of insulation resistance was larger than 10 to 
the power of 10. As an example to compare the effect, a 
multilayer printed wiring board in which a metal thin-film 
layer is not formed over the outer side (upper side) of layered 
capacitor section 40 was manufactured, and under the same 
measurement conditions as above, the insulation resistance of 
layered capacitor section 40 was measured. The value of the 
insulation resistance was 10 to the power of 5. 
From the above, it was verified that if a metal thin-film 

layer is formed over the outer side of layered capacitor section 
40, humidity absorption at layered capacitor section 40 is 
prevented and electric current leakage may be Suppressed. 

In multilayer printed wiring board 10 according to the 
embodiment in FIG. 1, layered capacitor section 40 is 
arranged inside multilayer printed wiring board 10, and on its 
upper portion (outer side), power-source plane layer (52P) 
and ground plane layer (52G) are formed as examples of 
metal thin-film layers. Accordingly, humidity absorption at 
layered capacitor section 40 is prevented, and electric current 
leakage may be suppressed. Further, according to the embodi 
ment in FIG. 1, in the same step of forming wiring patterns, 
first and second alignment marks (26, 46) for aligning posi 
tions were formed. Thus, without increasing manufacturing 
costs, indices for the aligning process were formed. Also, 
using first and second alignment marks (26, 46), where to 
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form patterns on layered capacitor section 40 or where to 
arrange each layer is decided. Thus, a proper positional rela 
tionship was achieved. 

In multilayer printed wiring board 10, relative to ground 
plane layer (52G), power-source plane layer (52P) is arranged 
on the lower layer side. However, the present invention is not 
limited to such. Power-source plane layer (52P) and ground 
plane layer (52G) may be substituted for each other. From the 
standpoint of preventing humidity absorption at layered 
capacitor section 40, it is preferred that on layered capacitor 
section 40, two or more layers of wiring pattern layers be 
formed; or it is preferred that from layered capacitor section 
40 to the outermost layer be 100 um or longer. 

In the embodiment in FIG. 1, core substrate 21 was a 
Substrate (such as a BT Substrate or glass-epoxy Substrate) 
which is made by impregnating core material Such as glass 
cloth oralamide non-woven fabric with thermoset resin or the 
like and curing it. In contrast, in yet another embodiment, 
insulation layers of the multilayer printed wiring board do not 
have a core Substrate. 

FIGS. 15-25 are views illustrating the steps of manufactur 
ing multilayer printed wiring board 800. First, as shown in 
FIG. 15a, support board 150 is prepared. Support board 150 
is, for example, a copper plate. Here, for the material for 
support board 150, other than a copper plate, a metal plate 
Such as nickel plate, aluminum plate or iron plate may be 
used. Next, as shown in FIG. 15b, plating resist 160 is formed 
on support board 150. Next, as shown in FIG. 15c, through the 
steps of exposure to light and development, plating resist 160 
is patterned and multiple opening portions (160a) are formed 
in plating resist 160. 

Next, as shown in FIG. 16a, in opening portions (160a) 
(see FIG. 15c) of plating resist 160, electrolytic plating is 
performed for gold-plated film 911, nickel-plated film 912 
and copper-plated film 913 in that order. Accordingly, first 
external terminals 600 (first external terminals for ground 
(600G), first external terminals for power source (600P), first 
external terminals for signals (600S)) and alignment marks 
621 are formed. Here, between gold-plated film 911 and 
nickel-plated film 912, a palladium film may be formed 
(drawing not shown). Next, as shown in FIG. 16b, plating 
resist 160 is removed to form first interlayer resin insulation 
layer (400a). Next, as shown in FIG.16c, based on alignment 
mark 621, multiple through-holes 420 which reach first exter 
nal terminals 600 (600G, 600P, 600S) are formed in first 
interlayer resin insulation layer (400a). 

Next, as shown in FIG. 17a, by the tenting method, at the 
positions of through-holes 420 (see FIG. 16c) in first inter 
layer resin insulation layer (400a), first via conductors 611 
(first via conductors for ground (611G), first via conductors 
for power-source (611P), first via conductors for signals 
(611S)) are formed. At the same time, on the top surface of 
first interlayer resin insulation layer (400a), power-source 
plane layer (52P) (first conductive circuit for power source 
(610P) and first conductive circuit 610 (first conductive cir 
cuit for ground (610G), first conductive circuit for signals 
(610S)) are formed. At that time, first alignment mark 622 is 
formed simultaneously. 

First via conductors for ground (611G) connect external 
terminals for ground (600G) and first conductive circuit for 
ground (610G). First via conductors for power source (611P) 
connect first external terminals for power source (600P) and 
power-source plane layer (52P). First via conductors for sig 
nals (611S) connect first external terminals for signals (600S) 
and first conductive circuit for signals (610S). 

Next, as shown in FIG. 17b, second interlayer resin insu 
lation layer (400b) is formed on power-source plane layer 
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(52P), first conductive circuits 610 (610G. 610S) and first 
interlayer resin insulation layer (400a). To form second inter 
layer resin insulation layer (400b), for example, two sheets of 
“ABF-45SH made by Ajinomoto Fine-Techno, Co., Inc. 
may be laminated. 

Next, as shown in FIG.18a, layered capacitor section 40 is 
laminated by aligning it on second interlayer resin insulation 
layer (400b). First layered electrode 41 of layered capacitor 
section 40 is patterned before the lamination; first layered 
electrode 41 has opening portions (41a) and second align 
ment marks 46. The position where layered capacitor section 
40 is laminated may be decided using, for example, first 
alignment mark 622 formed on first interlayer resin insulation 
layer (400a) and second alignment marks 46 of layered 
capacitor section 40. Layered capacitor section 40 may be 
formed according to the same manufacturing method as in the 
first embodiment described with reference to FIG. 5. Next, as 
shown in FIG. 18b, layered capacitor section 40 is buried in 
second interlayer resin insulation layer (400b) by vacuum 
pressing. 

Next, as shown in FIG. 19a, second layered electrode 42 is 
patterned to form opening portions (42a) and third alignment 
mark 66. Patterning is formed based on first alignment mark 
622. Next, as shown in FIG. 19b, based on any one of the three 
alignment marks 622, 46, or 66, through-holes 404 are 
formed in second interlayer resin insulation layer (400b). 

Next, as shown in FIG. 20a, at the positions of through 
holes 404 (see FIG. 19b) formed in second interlayer resin 
insulation layer (400b), second via conductors 651 (second 
via conductors for ground (651G), second via conductors for 
power-source (651P) and second via conductors for signals 
(651S)) are formed. At the same time, second conductive 
circuit 650 (second conductive circuit for ground (650G), 
second conductive circuit for power-source (650P) and sec 
ond conductive circuit for signals (650S)) are formed. Second 
conductive circuit for power source (650P) is formed by 
adhering it to second layered electrode 42, and part of it has 
the same circuit pattern as second layered electrode 42 
((650P) in FIG.20a). Second via conductors for power source 
(651P) are connected to second layered electrode 42 of lay 
ered capacitor section 40. Also, second via conductors for 
power source (651P) penetrate opening portions (41a) with 
out making contact with first layered electrode 41 and are 
connected to power-source plane layer (52P). 

Second via conductors for ground (651G) are connected to 
second conductive circuit for ground (650G) formed in open 
ing portions (42a) in second layered electrode 42 of layered 
capacitor section 40. Also, second via conductors for ground 
(651G) are connected to first layered electrode 41 and con 
nected to first conductive circuit for ground (610G). Second 
conductive circuit for ground (650G) and second layered 
electrode 42 remain insulated because of opening portions 
(42a). Second via conductors for signals (651S) connect sec 
ond conductive circuit for signals (650S) and first conductive 
circuit for signals (610S). 

Second layered electrode 42 and first external terminals for 
power source (600P) are electrically connected through first 
via conductors for power source (611P), power-source plane 
layer (52P) and second via conductors for power source 
(651P). Also, first layered electrode 41 and first external 
terminals for ground (600G) are electrically connected 
through first via conductors for ground (611G), first conduc 
tive circuit for ground (610G) and second via conductors for 
ground (651G). 
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Next, as shown in FIG. 20b, between second conductive 
circuits 650 (650G, 650P, 650S) and second interlayer resin 
insulation layer (400b), interlayer resin insulation layer 
(400c) is formed. 

Next, as shown in FIG. 21a, based on third alignment mark 
66, through-holes 406 are formed in interlayer resin insula 
tion layer (400c). Next, as shown in FIG. 21b, where through 
holes 406 (see FIG. 21a) in interlayer resin insulation layer 
(400c) are positioned, third via conductors 661 (third via 
conductors for ground (661G), third via conductors for power 
source (661P), third via conductors for signals (661S)) are 
formed. At the same time, on interlayer resin insulation layer 
(400c), ground plane layer (52G) (conductive circuit for 
ground (660G)) and third conductive circuits 660 (third con 
ductive circuit for power source (660P), third conductive 
circuit for signals (660S)) are formed. 

Third via conductors 661 (third via conductors for power 
source (661P), third via conductors for signals (661S)) con 
nect second conductive circuits 650 (650P, 650S) and third 
conductive circuits 660 (660P. 660S) respectively. Also, third 
via conductors for ground (661G) connect second conductive 
circuit for ground (650G) and ground plane layer (52G). 

Next, as shown in FIG. 22a, interlayer resin insulation 
layer (400d) is formed on third conductive circuits 660 (660P. 
660S), ground plane layer (52G) and interlayer resin insula 
tion layer (400c). Next, as shown in FIG.22b, through-holes 
408 are formed in interlayer resin insulation layer (400d). 

Next, as shown in FIG. 23a, at the positions of through 
holes 408 (see FIG. 22b) in interlayer resin insulation layer 
(400d), fourth via conductors for ground (671G), fourth via 
conductors for power source (671P) and fourth via conduc 
tors for signals (671S) are formed. At the same time, on 
interlayer resin insulation layer (400d), fourth conductive 
circuits 670 (fourth conductive circuit for ground (670G). 
fourth conductive circuit for power source (670P), fourth 
conductive circuit for signals (670S)) are formed. 

Fourth via conductors for ground (671G) connect fourth 
conductive circuit for ground (670G) and ground plane layer 
(52G). Fourth via conductors for power source (671P) con 
nect third conductive circuit for power source (660P) and 
fourth conductive circuit for power source (670P). Fourth via 
conductors for signals (671S) connect third conductive circuit 
for signals (660S) and fourth conductive circuit for signals 
(670S). Next, as shown in FIG. 23b, on interlayer resin insu 
lation layer (400d) and fourth conductive circuits 670 (670G, 
670P 670S), solder resist 700 is formed. 

Next, as shown in FIG. 24a, multiple opening portions 
(680a) are bored in solder resist 700. Opening portions (680a) 
partially open fourth conductive circuits 670 (670G, 670P. 
670S) (see FIG. 23b). In opening portions (680a), plating is 
performed for nickel-plated film 921, palladium-plated film 
922 and gold plated-film 923 in that order to form three-layer 
metal film. The formed metal film will become second exter 
nal terminals 680 (second external terminals for ground 
(680G), second external terminals for power source (680P). 
second external terminals for signals (680S)). Here, the metal 
film may be one layer with a gold-plated film, or two layers 
with a nickel-plated film and a gold-plated film on the nickel 
plated film. 

Next, as shown in FIG. 24b, support board 150 is removed 
by etching using a copper(II) chloride etching solution. Here, 
second external terminals 680 (680G, 680P, 680S) and first 
external terminals 600 (600G, 600P, 600S) are structured 
with an outermost layer made of a metal film (gold-plated 
film) tolerant to etching solutions. Therefore, two external 
terminals (680, 600) are not removed by etching, but only 
support board 150 may be removed. After that, on second 
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external terminals 680 (680G, 680P, 680S), second solder 
bumps are formed, and on first external terminals 600 (600G, 
600P, 600S), first solder bumps are formed. Accordingly, the 
embodiment of the multilayer printed wiring board as shown 
in FIG. 25 is obtained. 

Further, through first solder bumps, electronic components 
Such as an IC chip may be loaded. Through second solder 
bumps, another Substrate (mother board) may be connected. 
In addition, in FIG. 25, solder bumps are formed on both first 
external terminals 600 and second external terminals 680. 
However, solder bumps may be formed on second external 
terminals 680, and conductive pins may be loaded (mounted) 
via solder on first external terminals 600 (not shown in the 
drawing); Solder bumps may be formed on first external ter 
minals 600, and conductive pins may be loaded (mounted) via 
solder on second external terminals 680 (not shown in the 
drawing). An IC chip may be loaded either on the top surface 
or the bottom surface of multilayer printed wiring board 800. 
However, an IC chip is preferred to be loaded on the surface 
of a substrate with a built-in capacitor whose distance (the 
distance in the cross-sectional direction of the substrate) from 
external terminals to the capacitor is shorter. 

In the embodiment shown in FIG. 25, interlayer resin insu 
lation layers (resin films) are structured with three layers, 
(400b)-(400d). However, by repeating the steps shown in 
FIG. 20b-FIG. 21b, a multilayer structure with four layers or 
more may be obtained. Since multilayer printed wiring board 
800 according to the embodiment in FIG. 25 does not have a 
core substrate, it may be formed thinner than multilayer 
printed wiring board 10 according to the embodiment in FIG. 
1. As a result, the distance from an outer power source to 
layered capacitor section 40, or the distance from layered 
capacitor section 40 to the mounting section may be made 
shorter. Further, since layered capacitor section 40 is sand 
wiched by two plane layers (52P, 52G), the insulation at 
layered capacitor section 40 may seldom degrade. 
The invention claimed is: 
1. A multilayer printed wiring board, comprising: 
an insulation layer; 
a first interlayer resin insulation layer provided on the 

insulation layer; 
a layered capacitor section provided on the first interlayer 

resin insulation layer and having a high dielectric layer, 
and first and second layered electrodes that sandwich the 
high dielectric layer, 

a second interlayer resin insulation layer provided on the 
first interlayer resin insulation layer and the layered 
capacitor section; 

a metal thin-film layer provided over the layered capacitor 
section and on the second interlayer resin insulation 
layer; 

an outermost interlayer resin insulation layer provided on 
the second interlayer resin insulation layer and the metal 
thin-film layer; 

a mounting section provided on the outermost interlayer 
resin insulation layer and having first and second exter 
nal terminals to mount a semiconductor element; and 

multiple via conductors penetrating each interlayer resin 
insulation layer, the via conductors comprising first via 
conductors that electrically connect the first layered 
electrode of the layered capacitor section to the first 
external terminals of the mounting section, and second 
via conductors that electrically connect the second lay 
ered electrode of the layered capacitor section to the 
second external terminals of the mounting section. 

2. The multilayer printed wiring board according to claim 
1, further comprising: 
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a conductive circuit for ground, a conductive circuit for 
power source, and a first alignment mark for alignment, 
each formed on the insulating layer; and 

a second alignment mark for alignment formed in the lay 
ered capacitor section, wherein the layered capacitor 
section is aligned so that the second alignment mark of 
the layered capacitor section is set at a predetermined 
position with regard to the first alignment mark formed 
on the insulation layer. 

3. The multilayer printed wiring board according to claim 
2, wherein, 

the first layered electrode of the layered capacitor section is 
electrically connected through the first via conductors to 
the conductive circuit for ground formed on the insula 
tion layer, 

the second layered electrode of the layered capacitor sec 
tion is electrically connected through the second via 
conductors to the conductive circuit for power Source 
formed on the insulation layer; and 

the first via conductors and the second via conductors are 
formed based on either the first alignment mark formed 
on the insulation layer or the second alignment mark of 
the layered capacitor section. 

4. The multilayer printed wiring board according to claim 
1, further comprising, 

a third interlayer resin insulation layer formed between the 
insulation layer and the first interlayer resin insulation 
layer; 

a conductive circuit for ground, a conductive circuit for 
power source and a first alignment mark for alignment, 
each formed on the third interlayer insulating section; 

a second alignment mark for alignment formed in the lay 
ered capacitor section, wherein the layered capacitor 
section is aligned so that the second alignment mark of 
the layered capacitor section is set at a predetermined 
position with regard to the first alignment mark formed 
on the third interlayer resin insulation layer. 

5. The multilayer printed wiring board according to claim 
4, wherein, 

5 

10 

15 

25 

30 

35 

20 
the first layered electrode of the layered capacitor section is 

electrically connected through the first via conductors to 
the conductive circuit for ground formed on the third 
interlayer resin insulation layer, 

the second layered electrode of the layered capacitor sec 
tion is electrically connected through the second via 
conductors to the conductive circuit for power source 
formed on the third interlayer resin insulation layer; and 

the first via conductors and the second via conductors are 
formed based on either the first alignment mark formed 
on the third interlayer resin insulation layer or the sec 
ond alignment mark of the layered capacitor section. 

6. The multilayer printed wiring board according to claim 
1, wherein the metal thin-film layer comprises a region that 
overlaps at least the layered capacitor section. 

7. The multilayer printed wiring board according to claim 
1, wherein the metal thin-film layer retains the same electrical 
potential as either the first or second layered electrode of the 
layered capacitor section. 

8. The multilayer printed wiring board according to claim 
1, whereina thickness of each interlayer resin insulation layer 
is in the range of 0.02 mm-0.08 mm. 

9. The multilayer printed wiring board according to claim 
1, wherein the insulation layer is a resin Substrate comprising 
glass cloth or alamide non-woven fabric impregnated with 
resin and cured, and the thickness of the resin Substrate is in 
the range of 0.4 mm-1.0 mm. 

10. The multilayer printed wiring board according to claim 
1, wherein the insulation layer comprises inorganic filler and 
thermoset resin. 

11. The multilayer printed wiring board according to claim 
10, wherein the insulation layer does not include core mate 
rial made of glass cloth or almamide non-woven fabric. 

12. The multilayer printed wiring board according to claim 
1, wherein the insulation layer is made of inorganic filler, 
thermoset resin and thermoplastic resin. 

13. The multilayer printed wiring board according to claim 
12, wherein the insulation layer does not include core mate 
rial made of glass cloth or alamide non-woven fabric. 
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